There are intriguing properties of supercooled water, including a strong decoupling between its viscosity and the diffusion of the molecules. Some experimental studies [1] [2] [3] -including that by Dehaoui et al. [4] -has revealed an increasing decoupling of viscosity from the water translational diffusion coefficient upon cooling. This indicates a gradual breakdown of the Stokes-Einstein (SE) relation ( with decreasing temperature. In contrast, the rotational diffusion D r remains coupled with for a wide range of temperature, which implies the validity of the Stokes-Einstein-Debye (SED) relation. Similar decoupling between D t and  was also reported earlier in other molecular glass forming liquids. [5] [6] [7] [8] [9] [10] [11] [12] [13] The SE relation is obeyed at sufficiently high temperature, but severely breaks down around 1.3T g (T g is the glass transition temperature). On the contrary, the rotational diffusion of the molecular glass forming liquid and the medium viscosity remain hydrodynamically coupled even at the temperature very close to T g .
Deeply supercooled liquids have spatially heterogeneous dynamics, which have been confirmed by various experiments (e.g., see Refs. 5, 6, [14] [15] [16] [17] and computer simulation studies (e.g., see Refs. [18] [19] [20] [21] [22] . A number of computer simulation studies have indicated that the emerging spatiotemporal heterogeneity in supercooled water and other supercooled liquids has connection with the increasing violation of the SE relation with decreasing temperature. [23] [24] [25] [26] [27] [28] [29] [30] Recently, two of us have shown that the rotation assisted translational movement of solvent water around a nonpolar solute induces translational jump-diffusion of a tracer from one solvent cage to another in supercooled water. [23] Even though the prior studies have implied the pivotal role of translational jump- [32] details the simulation protocol, the validity of which is evidenced by the excellent agreement of the simulated parameters -density (see Figure S1 of the SM), diffusion coefficient, and viscosity coefficient-with the available experimental values. We calculate D t for a set of 20 water molecules using the mean square displacement (MSD) route . We randomly pick these 20 water molecules from the entire ensemble to keep the movement of this set of water molecules as independent as possible. However, we see that D t for this set of 20 water molecules is identical with that of the full set of 2000 water molecules. Figure S1 of the SM presents the MSD against time for the whole temperature range. Figure 1a presents the simulated D t as a function of temperature, which is in excellent agreement with the available experiment [33] . (Both the simulated and the experimental values are listed in ) onto the simulated data in Figure 1b gives the values of B, and T 0 :
9.82×10 -4 P, 278.64 K, and 180.34 K respectively, which are consistent with the experimental fitting parameters [4] . We now check the validity of the SE relation using the above simulated D t and  values.
The simulated and experimental D t values for the whole temperature range are listed in Table   S1 of the SM. Figure the jump length with a gradual deviation of the above three coordinates from linearity. 23 The method completely loses its hold when the three coordinates form a right angle triangle. In that case, the jump displacement shows either no peak at all or a very small peak with an intensity too low to detect among the thermal noise. This method, therefore, underestimates the contribution of jump-diffusion to the overall diffusion. A more quantitative method is therefore necessary.
We have used here a more quantitative method, which is similar to that developed by Raptis et al. [39, 40] and later used by Araque et al. [41] This method is based on the calculation of the radius of gyration R g of different segments of the molecular trajectory in three-dimension position coordinate space. The radius of gyration for the particular trajectory segment of length (or n number of time steps) is calculated using the following equation.
.
In eq. 1, and are, respectively, the position of i th time frame and the center of mass of the trajectory segment of length . is calculated by the following equation.
As the diffusion of water increases with the temperature, (see Figure 1a) Figure 2a presents α 2 (t) against time for the whole temperature range (T=210 K to 300 K). The maxima of α 2 (t) increases with decreasing temperature. This indicates the increase of dynamical heterogeneity due to the decrease of temperature. Also, t * increases from ~1 ps to ~550 ps (see Table S2 of the SM) while the temperature decreases from T=300 K to 210 K. Therefore, the length of the trajectory segment -the input in equations 1 and 2-increases with decreasing temperature.
Once we divide the trajectory into multiple segments of length , we calculate R g for all the trajectory segments separately. The distance traversed by the molecule in a trajectory segment λ(t) can be calculated from the formula, . [39] [40] [41] We note that the translational jump occurrences are not ubiquitous in all these trajectory segments. At this point,
we need an efficient method in order to correctly identify the translational jump segments. For this, we use the same method adopted by Araque et al. The method uses the self-part of the van Hove correlation function , which is calculated from the following equation [42, 43] :
deviates from the Gaussianity ( ) [40, 41] at the most at time t * . Both the and are plotted in Figure 2b for T=210 K and in Figure S2 of the SM for the rest of the temperatures. crosses at two characteristic r values; r 1 and r 2 , by which we define the jump and the cage trajectories respectively. At the smaller r limit (r < r 1 ) the actual displacements of the water molecules is less than the theoretical value obtained from . Therefore, the trajectory segment of length λ(t) < r 1 is a cage trajectory. On the other hand, at the larger r limit (r > r 2 ) the actual displacement of the water molecule is larger than the displacement obtained theoretically from . (Table S2 of The time t * for the maximum value of α 2 (t) are listed in Table S2 As we have correctly identified the jump and the cage trajectory segments, we now calculate the jump-only translational diffusion coefficient D Jump using the following equation:
Here, is the frequency of the translational jump occurrence of the water molecules (number of jump occurrences n Jump /number of water molecules /the full production trajectory length 100 ns) and λ Jump is the average jump length, which is obtained from R g using the formula, for the jump trajectory segments only. We have listed, in Table S3 of the SM, the numerical values of n Jump , ν Jump and λ Jump for the whole temperature range. Using the above numerical values, we calculate of the water molecules at all the temperatures, which are listed in Table S4 of the SM. Figure 3a exhibits the percentage contribution of the to the overall diffusion D t of the water molecules as a function of temperature. The contribution increases with decreasing temperature and reaches to more than 50% of D t at T=210 K. However, this profound increase does not necessarily mean a similar increase of the jump frequency. Table S3 Lastly, using the jump-only and the overall diffusion coefficients one can obtain the residual diffusion coefficients D Res using the equation:
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We have calculated for all the temperatures and listed their numerical values in Table S4 
